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An estimated 1.5 million men and women will be diag-
nosed as having cancer in 2010; of this group, approx-

imately 10% are younger than 45 years, and 1% are young-
er than 20 years.1 The most frequently diagnosed cancers 
in US adults aged 20 to 44 years are breast, lymphoma, 
skin (excluding basal and squamous types), and leukemia.1 
Although modern treatment regimens have improved the 
overall 5-year relative survival rate to nearly 80% for in-
dividuals younger than 50 years, cancer therapy can result 
in infertility or premature gonadal failure, thus creating a 
significant quality-of-life issue for young survivors.1

	 Fertility preservation is an emerging field that encom-
passes a variety of fertility therapies for patients anticipat-
ing medical treatment that could affect future reproduc-
tive outcomes. Although most frequently associated with 
cancer treatment, fertility preservation has also been used 
for medical conditions like lupus, glomerulonephritis, and 
myelodysplasia, as well as in adolescent females with con-
ditions known to be associated with premature ovarian fail-
ure, such as Turner mosaicism.
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Of the estimated 1.5 million men and women who were diagnosed 
as having cancer in 2010, approximately 10% are younger than 45 
years. For these individuals, cancer treatment can be lifesaving 
but can permanently affect reproductive capacity. The American 
Society of Clinical Oncology has recommended that oncologists 
discuss the possibility of infertility with reproductive-age cancer 
patients and offer referral for fertility preservation consultation 
and therapy. Fertility preservation is an emerging field that offers 
treatment aimed at protecting future reproductive ability for indi-
viduals with cancer or other serious illnesses. Although fertility 
preservation strategies vary by patient age and sex, many allow 
patients to store gametes or reproductive tissues for potential 
future use to create offspring. As an emerging discipline, many 
questions remain about the role of fertility preservation. We per-
formed a MEDLINE search from 1950 to June 2010 using the fol-
lowing MeSH terms: amenorrhea; antineoplastic agents; ovarian 
failure; premature; infertility, female; fertility preservation; infertil-
ity, male; adolescent and cancer; child and cancer; cryopreserva-
tion; and reproductive technologies, assisted. Studies considered 
for inclusion included those written in English and published be-
fore June 2010.
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	 Concern for future fertility is high among individuals 
newly diagnosed as having cancer. Approximately three-
quarters of men and women younger than 35 years who are 
childless at the time of cancer diagnosis desire children in 
the future.2 Among adolescent females with malignancies, 
81% of them and 93% of parents were in-
terested in fertility preservation, even if 
options were described as experimental.3 
In 2006, the American Society of Clinical 
Oncology published guidelines recom-
mending that oncologists discuss the possibility of infertil-
ity with reproductive-age cancer patients and offer referral 
for fertility preservation consultation and therapy.4 Despite 
these measures, referral patterns are still inconsistent in 
many centers, even large multidisciplinary ones, and many 
reproductive-age patients still start treatment without dis-
cussion of or opportunity for fertility preservation. Nearly 
half (45%) of oncologists surveyed at one large university 
medical center reported never referring patients to a repro-
ductive endocrinologist for fertility consultation.5

	 Fertility preservation counseling should emphasize key 
clinical messages, including the potential effect of cancer 
treatment on future fertility, options available to patients 
plus the time and effort required to complete the treatment, 
discussion of parenthood after cancer, and provision of pa-
tient-education resources. In some cases, patients may also 
be encouraged to obtain legal assistance to draft documents 
that specify disposition of stored gametes, embryos, and 
tissue in the event of death.
	 We performed a MEDLINE search from 1950 to June 
2010 using the following MeSH terms: amenorrhea; anti-
neoplastic agents; ovarian failure; premature; infertility, 
female; fertility preservation; infertility, male; adolescent 
and cancer; child and cancer; cryopreservation; and re-
productive technologies, assisted. Studies considered for 
inclusion included those written in English and published 
before June 2010.

Key Message Number 1

Potential Effect of Cancer Treatment  
on Future Fertility

Cancer therapy can result in subfertility or sterility due to 
gonad removal or permanent damage to germ cells from 
adjuvant therapy. In males, spermatogenesis and steroido-
genesis within the testes are postpubertal events. Prepuber-
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tal testes contain primordial germ cells that are susceptible 
to toxicity but do not contain mature spermatocytes. Loss 
of all primordial germ cells at this stage can result in perma-
nent azoospermia. Under normal conditions, post-pubertal 
males produce 100 to 200 million sperm per day, and mi-
totic division of germ cells maintains a persistent source of 
new spermatocyte production, allowing sperm production 
to continue well into advanced age.6 In contrast, germ cells 
within the human ovary undergo rapid mitotic multiplication 
in utero, peaking at 6 to 7 million oogonia at approximately 
5 months’ gestation.7,8 Oogonia then enter their first meiotic 
division and are transformed into oocytes. After the mid-
gestational peak, there is significant apoptotic loss of germ 
cells, resulting in only 1 to 2 million total oocytes present at 
birth.9 Germ cell content continues to decrease throughout 
the female life span, ultimately resulting in complete oocyte 
depletion during menopause. It is generally accepted that, 
once all oocytes are lost, no mechanism or opportunity ex-
ists to generate new oocytes.10

	 Risks of adjuvant therapy depend on age of the patient 
at treatment, as well as dose, site, and type of treatment 
given. Additionally, although chemotherapy and radiation 
treatment potentially impart individual risks, a combination 
of both may be additive. With chemotherapy regimens, al-
kylating agents such as cyclophosphamide seem to present 
the greatest risk of ovarian failure, likely because they are 
non–cell-cycle specific and can damage even “resting” oo-
cytes and their support cells in the ovary. The odds ratio for 
inducing complete ovarian failure with cyclophosphamide 
exposure is 3.98 compared to that in unexposed patients.11 
Older women appear more susceptible to permanent ovar-
ian damage: the incidence of amenorrhea after chemother-
apy in women exposed to cyclophosphamide, methotrex-
ate, and 5-fluorouracil was 61% in women younger than 
40 years and 95% in those older than 40 years.12 Likewise, 

studies of posttreatment sperm production from young 
adult males who survived Hodgkin disease show that both 
the agent(s) used and the cumulative dose are important 
variables that affect future fertility. Adolescent and young 
adult males treated with 6 cycles of chemotherapy, includ-
ing agents such as procarbazine, vincristine, and nitrogen 
mustard (an alkylating agent), had a greater than 90% risk 
of infertility, largely due to azoospermia.13,14 An alterna-
tive regimen of adriamycin, bleomycin, vinblastine, and 
dacarbazine—none of which are alkylating agents—was 
associated with a 33% incidence of azoospermia.15

	 With radiation therapy, the median lethal dose (LD
50

) for 
permanent oocyte loss is less than 2 Gy,16 whereas sperm 
production may be harmed by radiation doses of 1.2 Gy or 
greater.17,18 As with chemotherapy exposure, younger pa-
tients may be more resilient than older patients; the mean 
effective sterilizing dose (dose of fractionated radiotherapy 
[Gy] at which premature ovarian failure occurs immedi-
ately after treatment in 97.5% of patients) decreases with 
increasing age at treatment.19 Whereas an effective steril-
izing dose at birth is 20.3 Gy, at 10 years, it is 18.4 Gy; at 
20 years, 16.5 Gy; and at 30 years, 14.3 Gy. Site of radio-
therapy is another key variable. Total body, abdominal, pel-
vic, or spinal radiation increases the risk of gonadal failure, 
although scattered irradiation can affect the gonads even 
when outside of the field.20

Key Message Number 2

Fertility Preservation Options

Fertility preservation options vary by age and sex (Table). 
For prepubescent males, gonad shielding can be used dur-
ing radiotherapy but only with selected fields. Cryopreser-
vation of testicular tissue is offered in some centers but is 
still considered experimental; potential future uses include 

Table. Current Fertility Preservation Strategies

	 Patient	 Mature	 Experimental
	 population	 technologies	 technologies	 Time required	 Procedures required

Prepubescent	 None	 Testicular tissue	 Minimal (<1 d)	 Surgical removal of testicular tissue	
	 males				    cryopreservation			 
Prepubescent	 None	 Ovarian tissue	 Minimal (<1 d)	 Surgical removal of ovarian tissue	
	 females				    cryopreservation			 
Prepubescent or 	 Oophoropexy			   Minimal (<1 d)	 Surgical movement of the ovaries	
 	 adult females								        outside of planned radiation field
Adult males	 Sperm 	 Testicular tissue	 Sperm cryopreservation: up to	 Collection via masturbation
			   cryopreservation		  cryopreservation 		  3 collections, each 48 h apart	 Surgical removal of testicular tissue
						      Tissue cryopreservation: minimal 
							       (<1 d)			 
Adult females	 Embryo 	 Oocyte	 Embryo/oocyte cryopreservation:	 Ovarian stimulation; egg retrieval
			   cryopreservation		  cryopreservation		  2-3 wk	 Surgical removal of ovarian tissue
				    Ovarian tissue 	 Tissue cryopreservation: minimal 
					     cryopreservation		  (<1 d)	
				    Ovarian	 None; agents can be administered	
					     suppression		  immediately
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in vitro maturation of spermatogonia into spermatocytes or 
germ-cell transplant into native testicular tissue. Patients 
and their parents must be counseled that this technology is 
still being developed, and potential use of specimens is un-
likely for several more years. For postpubertal males, sperm 
cryopreservation after masturbation is a well-established 
and effective method of fertility preservation. Depending 
on treatment timing and specimen quality, multiple collec-
tions may be obtained. Ideally, we recommend 3 collec-
tions with an interval of 48 hours in between collections to 
allow sperm to reaccumulate. Sperm should be collected 
before initiation of therapy because sperm DNA integrity 
and quality may be compromised thereafter. Specimens 
can be stored for years, even decades, and still yield viable 
sperm after thawing.
	 In premenarchal females, ovarian tissue cryopreserva-
tion is currently available but is considered experimental 
because of difficulties in recovering and using immature 
oocytes. This technique involves surgical removal of all or 
a portion of one or both ovaries, followed by dissection of 
the ovarian cortex into thin strips containing immature fol-
licles. Tissue strips are then cryopreserved by slow freezing 
or vitrification. In most cases, surgery can be performed as 
a laparoscopic outpatient procedure, but the risks of surgi-
cal complications and general anesthesia must be discussed 
with the patient and her parents. Potential future uses of 
the tissue include autotransplant into the pelvis or a hetero-
topic site with natural ovulation or administration of exog-
enous gonadotropins to stimulate follicular development, 
followed by harvesting of oocytes for in vitro fertilization. 
Caution and clinical judgment must be used when discern-
ing whether to return native tissue to the patient because 
of the possibility of reintroduction of malignant cells. An-
other technique currently under development is in vitro 
maturation of follicles obtained from ovarian cortex. Both 
culture of whole ovarian tissue strips and isolated follicle 
culture have been studied.21 In a murine model, isolated 
follicle culture using a 3-dimensional alginate matrix has 
yielded mature oocytes capable of fertilization and delivery 
of healthy mouse pups.22 Although promising, these tech-
niques must still be considered experimental for humans 
and await validation in clinical trials.
	 For certain malignancies in which radiation alone with-
out chemotherapy is anticipated, the ovaries can be surgi-
cally transposed outside of the planned radiation field. If 
oophoropexy is performed before radiation, ovarian func-
tion is maintained in most young women.23,24 If abdomi-
nal surgery is planned for tumor removal, oophoropexy 
can be concomitantly performed; alternatively, it may be 
performed as a separate, usually laparoscopic, procedure. 
There are routine surgical risks, as well as possible unique 
complications, such as fallopian tube infarction, ovarian 

cyst formation, chronic pain, or migration of the ovaries 
back to their native position in the pelvis.25

	 Postpubertal females can undergo gonadotropin stimu-
lation of the ovaries, followed by oocyte or embryo cryo-
preservation. This process relies on in vitro fertilization   
technology, which has been available for more than 30 
years and accounts for millions of conceptions and births 
worldwide. In ovarian stimulation, gonadotropins are ad-
ministered for approximately 8 to 12 days. During this 
time, follicle development is monitored via serial serum 
estradiol levels and ultrasound measurements of follicle 
size. When mature, oocytes are removed from the ovaries 
by transvaginal ultrasound-guided aspiration of follicles. 
Although light anesthesia is required, recovery is rapid, 
and cancer treatment can often be initiated the next day.
	 Once outside the body, oocytes can be combined with 
sperm to create embryos or cryopreserved in an unfertilized 
state. Embryo cryopreservation is the most mature technol-
ogy available for fertility preservation and is the most ef-
fective strategy to date. Human embryos can survive the 
freezing and thawing process up to 95% of the time, and 
cumulative pregnancy rates can be greater than 60% if mul-
tiple embryos are available.26 Single women may elect to 
create embryos using donor sperm, but this approach may 
not be ethically acceptable to all.
	 Oocyte cryopreservation is a newer technique that at-
tempts to address the aforementioned limitations. Early 
success with oocyte cryopreservation was followed by 
nearly 2 decades of failure attributable to difficulties, in-
cluding intracellular ice-crystal formation, artificial activa-
tion of the mitotic spindle, and osmotic swelling.27 Recent 
technological advances have now improved oocyte cryo-
preservation such that oocytes can survive the freezing or 
vitrification process approximately 50% to 60% of the 
time, with fertilization rates of 60% to 70% with use of in-
tracytoplasmic sperm injection.28,29 Clinical pregnancy and 
live birth rates are lower than those observed with unfrozen 
oocytes, but preliminary outcomes are encouraging. More  
than 900 infants have now been born from cryopreserved 
oocytes with no apparent increase in congenital anomalies 
compared with those in naturally conceived infants.30 This 
technology will likely continue to advance and become 
more prominent in the future, but some centers currently 
consider oocyte cryopreservation to be experimental. Thus, 
when feasible, most women considering oocyte vs embryo 
cryopreservation are counseled toward embryo creation, 
even if it requires the use of donor sperm purchased from a 
commercial sperm bank.
	 One theoretical concern for women with hormone-re-
sponsive cancers, such as breast cancer, is that supraphysi-
ologic hormone levels arising from conventional ovarian 
stimulation with gonadotropins may increase the risk of 
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recurrence. Some investigators have responded to this with 
protocols that combine traditional ovarian stimulation with 
estrogen-lowering agents, such as aromatase inhibitors, in 
an attempt to mitigate high estrogen levels.31 Aromatase 
inhibitors such as letrozole are a class of pharmacological  
agents that block the peripheral conversion of testoster-
one to estradiol. Ovarian stimulation combining follicle-
stimulating hormone with the aromatase inhibitor letrozole 
resulted in significantly lower peak estradiol levels and a 
nearly 50% reduction in gonadotropin requirement com-
pared with age-matched controls (cancer-free) undergoing 
in vitro fertilization.32 Azim et al33 prospectively compared 
79 women with breast cancer who underwent ovarian stim-
ulation plus letrozole with 136 women with breast cancer 
who did not undergo ovarian stimulation before cancer 
treatment. The groups were similar in age and stage of dis-
ease at diagnosis, as well as in risks of calculated relapse 
and mortality. After a median follow-up of 23 months for 
women in the ovarian stimulation group and 33 months for 
controls, no differences were noted in recurrence or surviv-
al. The authors concluded that ovarian stimulation with go-
nadotropins and letrozole is unlikely to cause significantly 
increased risk of recurrence, although they acknowledged 
that longer term follow-up is needed.
	 For women who do not have sufficient time or who elect 
not to undergo ovarian stimulation, medical suppression of 
ovarian function may be an option. Gonadotropin-releasing 
hormone (GnRH) agonists may directly suppress primor-
dial follicles and thus spare them during cancer treatment; 
however, some critics have argued that it is unclear whether 
primordial follicles contain follicle-stimulating hormone 
and GnRH receptors.34,35 Some small studies have shown 
that GnRH agonist administration before and during che-
motherapy resulted in ongoing menses in a high percentage 
of women, particularly those younger than 40 years.36-38 A 
recent prospective randomized study of concurrent GnRH 
agonist use during chemotherapy in premenopausal wom-
en with breast cancer showed that nearly 90% of GnRH 
agonist–treated women resumed menses and that 69% re-
sumed spontaneous ovulation after treatment, compared 
with 33.3% resumption of menses and 25.6% spontaneous 
ovulation in women who received chemotherapy only.39 
However, the return of menses does not necessarily equate 
with fertility potential because oocyte quality may be poor.

Key Message Number 3

Pregnancy After Cancer Therapy

Cancer survivors often desire, yet fear, pregnancy after can-
cer therapy, particularly that for hormone-responsive ma-
lignancies like breast cancer. Multiple studies have shown 
that pregnancy after breast cancer treatment does not appear 

to adversely affect recurrence or survival.40-42 In particular, a 
large population-based study examined more than 10,000 
women with primary breast cancer who were younger than 
45 years at the time of diagnosis; only 371 had a full-term 
delivery after cancer treatment.43 A multivariate analysis 
including age at diagnosis, stage of disease, and pregnancy 
history before diagnosis showed that women who had a full-
term pregnancy after cancer diagnosis had a reduced risk of 
dying (0.73; 95% confidence interval, 0.54-0.99) compared 
with other women with breast cancer. The authors concluded 
that no evidence exists to suggest that pregnancy after breast 
cancer had a negative influence on prognosis.
	 The optimal time to attempt conception after completion 
of cancer treatment is unknown. Many experts recommend 
waiting at least 2 years after therapy is concluded because it 
is speculated that, beyond this window, the greatest risk of re-
currence has passed. For women receiving hormone therapy 
such as tamoxifen, a 5-year delay is often recommended to 
allow them to complete standard duration hormonal therapy. 
This lengthy period may be problematic for some women 
because of reproductive aging and declining fertility.
	 A final concern of many cancer patients is whether off-
spring exposed to cytotoxic agents have an increased risk 
of birth defects. Several large studies that included more 
than 4000 offspring of cancer survivors showed no statisti-
cally significant increase in childhood malignancies or ge-
netic malformations.44

Key Message Number 4

An Emerging Discipline

Patients must be counseled that fertility preservation is an 
emerging field, and as such, many unanswered questions 
remain. 
	 •	 Are there long-term risks to fertility preservation strat-
egies? Follow-up data are currently limited, but available 
evidence suggests that outcomes and survival are not exac-
erbated for patients who undergo fertility preservation.
	 •	 Are some patients too ill to consider fertility preserva-
tion? If so, who decides?
	 •	 What is ethically responsible fertility preservation for 
minors with cancer? At what age should fertility preserva-
tion be discussed?
	 •	 Who should pay? Currently, insurance coverage is 
limited; thus, many cancer patients have to pay out-of-
pocket costs associated with fertility preservation.

Conclusion

Although the diagnosis of cancer can be overwhelming, 
most reproductive-age patients are aware of potential loss 
of fertility with cancer treatment. As such, health care pro-
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fessionals need to be informed about fertility preservation 
to properly counsel and refer patients for fertility preserva-
tion therapy. Rapid referral of patients to a reproductive 
endocrinologist is essential because some fertility preser-
vation strategies require 2 to 3 weeks to complete. Many 
technical, logistic, and ethical questions surround fertility 
preservation, and more will emerge as this field continues 
to develop.
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